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TRANSONICWIND-TUNNELINVESTIGATIONOFTKEAERODYNAMIC

CHARACTERISTICSOFA 60° TRIXIJQULARWINGINCOMBINATION

WITHA SYSTEMATICSERIISOFTHREEBODIES

By ThOIIES C. Kelly

SUMMAKY

Aerodynamiccharacteristicsandtheeffectofbodyshapeonwing-
fuselageinterferencearepresentedfora 600triangularwingatMach
numbersfrom0.60to 1.125andanglesofattackfrom0°to 7°. Basic
aerodynamic,characteristicsarealsopresentedforthewingwithinter-

. ferenceofoneconfigurationthroughthesameMachnumberrangeandat
anglesofattackto 24°. Theresultsindicatethattheadditionofa
cylindricalafterbodyto a nmnal curvedfuselagemarkedlyreducedthe

b transoniczero-liftdragriseandincreasedthemaximumlift-dragratio
inthesupersonicrangeforthewingwithinterference.Additionsof
thecylindricalsf’terbodyandthecylindricalafterbcdyin combination
withan extendedforebodygenerallyresultedinan increaseinthedrag
dueto liftforthewingwithinterference.Liftandpitchingmoment
wererelativelyunaffectedby modificationsto thenormalcurvedfuselage.

I INTRODUCTION

I
I Previouspapershavepresentedtheaerodpic characteristicsof

triangularwingsat subsonicandsupersonicspeeds,butonlya limited
amountofdataisavailableforthesewingsinthetransonicrangeat
liftingconditions.As partofa generalwing-fuselage-interference
programbeingconductedintheLangley8-foottransonictunnel,the
basicaerodynamiccharacteristicsatanglesofattackto24°andthe
effectsof severalbasicchangesinbodyshapeonwing-fuselageinter-
ferenceat anglesofattackfrom0° to7° havebeenobtainedatl.bch
numbersfrcxn0.60to 1.125fora thintriangularwingwhichhad600
sweepbackof theleadingedge,an aspectratioof 2.31,andan NACA
65AO02airfoilsectionparallelto theplaneof symnetry.Results
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Of*vestigationsofrepresenta.tiveswept~ ~wept Win@ tiCOIIlbiIla-
tionwiththeses- bfies areprese~~~inreferences1 d 2.

. SYMBOLS

M

~

E

s

%

CD

cm

()Lqda av

()~av

(L/D)mx

‘b

averagestreamMachnumber

free-streamdynamicpressure,lb/sqft-

wingmeanaerodynamicchord,in.

wingarea,sqft

liftcoefficient,‘*,
—.

dragcoefficient,~qs

pitching-momentcoefficient,Pitchingmomentabout0.255C@

lift-curveslopeperdegree,averagedovera lift-coefficient
rangeofO to 0.4

static-longitudinal-stabilityparameter,averagedovera
lift-coefficientrangeofO tm 0.4

maximumlift-dragratio .—

Pb-P
basepressurecoefficient,—

q

incrementalbasepressurecoefficientdueto additionof
wingto fuselage

free-streamstaticpressure,lb/sqft

staticpressureatmodelbase,lb/sqft

angleofattackoffuselageaxis,deg ;
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APPARATUSANDMETHODS

3

Tunnel

TheLan@ey8-foottransonictunnel
throatwindtunnelcapableof continuous
rangeupto a Machnumberofabout1.13.

isa single-return,slotted-
operationthroughthespeed
A completedescriptionofthe

Langley8-foottransonictunnelmaybe foundinreference3.

Models

wing.- Threeconfigurations,differingonlyinfuselageshape,were
usedforthepresentinvestigation.Thewingusedinallthreecombina-
tions(seefig.1)had600sweepbackoftheleadingedge,anaspect
ratioof2.31,a taperratioof0,andanNACA65AO02airfoilsection
paralleltotheplaneof symmetry.Thewingarea,includingthepartof
thewingenclosedinthefuselage,was1 squarefoot.Wingconstruction
wasof stainlesssteel.

Fuselages.-Thebasiccombination,designatedas configurationA,
hada fuselagedesignedby cuttingofftherearportionofa bodyof
revolutionwitha basicfinenessratioof12to forma bodywitha fine-
nessratioof 9.8. Thefuselageof configurationwasobtainedby the
additionofa plasticcylindricalsectionto configurationA which
extendedfromthefuselagemaximumdiemetertothemodelbase. The
fuselageofconfigurationC wasformedbytheadditionofa secondcylin-
dricalplasticsectionto configurationB whichextendedtheoriginal
forebodyupstreena distanceequalto twicethefuselagemaximumdiameter.
OrdinatesforthethreefuselagesarepresentedW reference1. It
shouldbe notedthatfuselageconfigurationsA, B, andC ofthepresent
investigationcorrespondtobodiesA, C,andD, respectively,ofrefer-
ence1. BodyconfigurationB ofreference1 wasnotincludedinthe
presentinvestigationduetoa lackofavailabletunneltestingthe.

Sti~ Configuxations.-Modelsweremountedonan internalstrain-
gagebalance.Therearportionofthebalancecompriseda stingfor
supportingthemodelinthetunnel.Fortheoriginalafterbody(configu-,
rationA) thestingwastaperedfromthebaseofthemodel.rearward
(seefig.1). Thestingrearwardfromthebaseofthecylindricalafter-
bodyconfigurationhada cylindricalcrosssectionwitha constantdiam-
eterslightlylessthanthatofthebody(fig.1). A photographof
confi~ationB mountedintheslottedtestsectionoftheLangley8-foot
transonictunnelispresentedas figure2.
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MeasurementsandAccuracy

Lift,drag,andpitchingmomentweremeasuredbymeansofthe
internalstrain-gagebalance.Coefficientsarebasedonthetotalwing
areaof1 squarefoot.Pitching-momeritcoefficients,basedona mean
aerodynamicchordof10.529inches,arereferredtothequarterpoint
ofthemeanaerodynamicchord.

Measuredcoefficientsforthevariousconfigurations
to be accuratewithinthefollowinglimits:

ConfigurationsA andB:

Lowspeeds
CL. . . . . . . . . . . . . . . . . . . *0.008
CD.. . . ● . ● . . . .. ● . * . . ● . ● *0.001
%“””””” ”””” ”””” ”””” ”~o”~j””

ConfigurationC:

Lowspeeds
+....:........,....;::::

CD”” “ “ “ “ ● ● “ “ ‘“ “ “ “ ““”‘ “ -
cm. ● . . . ● . . . . . . ● .,. ● .,. . *0.002

.

*_

—

areestimated
—

Highspeeds
*0.004

+0.0005
*0.002

●

Highspeeds
*0.008
*o.002 +
*().002

ThedifferenceIn.estimatedaccuracyforconfigurationC wascaused
by theuseofa strongerbalancewiththisconfigurationtoallowtesting
at thehigher&n@es..It shouldbe notedthatthelimitspresented
representmaximumestimatederrorsforthemeasuredcoefficientsand
whenbaseduponscatterandrepeatabilityofdatawouldbe considerably
lower.

Theangleofattackofthemodelwasmeasuredwithan opticalsys-
temsightedona referencelineonthefuselageandisestimatedtobe
accuratewithintO.lO.Anglesofattackatwhichdatawererecordedare
showninfigure3.

Localdeviationsfromtheaveragefree-streamMachnumberdidnot
exceed0.003at subsonicMachnumbersanddidnotbecomegreaterthan .
0.010withincreasesinMachnumberto 1.125.

Staticpressureattherearendofthemodelswasobtainedfrom &
pressureorificeslocatedinthetopandbottomofthestingsupportin
theplaneofthemodelbase. —

AverageReynoldsnumberforthepresentinvestl@tion,basedon
themeanaerodynamicchord,variedfromapproximately2.9x 106to

3.5x 106.
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Theeffectsofboundary-reflecteddisturbancesintheslottedtest
sectionoftheLangley8-foottransonictunnelontheresultspresented
weresmall(refs.3 and4)andthedragdatapresentedat constantlift
coefficienthavebeenfairedinan attemptto eliminatetheseeffects.
Thefaireddatapresentedneverdifferedfromtheactusldatabymore
than0.001indragcoefficient.

RE3UIESANDDISCUSSION

Thevariousbodyshapesusedinthepresentinvestigationwere
developedtoreducetheeffectsofinterferencebetweepthewingand
body. Theforebodywasextendedinan atteqttoreducetheinduced
velocitiesproducedby thebodyintheregionoftheforwsrdportion
ofthewing. Thecylindricalafterbodywasaddedinan attemptto
reducetheinducedvelocitiesprodticedby theoriginalafterbodyin
theregionoftherearpsrtofthewing. Thesechangesmadeinbciiy
shapewereofa basicresearchnatureandwerenotmeantto suggest
practiced.configurations.

Alldatapresented,unlessotherwisenoted,areforthewingwith
interferenceandwereobtainedby subtractingthebody-alonedataof
reference1 fromthecorrespondingcombinationdataofthepresent
investigation.Theresultshavebeenadjustedto a conditionatwhich
thestaticpressureatthemodelbaseandthefree-streamstaticpres-
sureareequal.Basepressurecoefficientsforthewing-fuselagecom-
binationsandincrementalbasepressurecoefficientsdueto theaddition
ofthewingto thefuselageofthecombinationsarepresentedinfig-
ure3. Basicdataarepresentedas an@e ofattack,dragcoefficient,
andpitching-momentcoefficientas a functionof liftcoefficientin
figure4. Fromthesebasicdatatheanalysisf@ureshavebeenprepared.

Thevariationwith
threeconfigurationsis
ofa breakwhichoccurs

LiftCharacteristics

l,jftcoefficientofangleofattackforthe
presentedinfigurek(a). Thereareindications
intheliftcurveforconf@urationC atMach

numbersfrom0.80to 0.90andan angleofattackof–approximately13°.
Similarbreaksmaybe notedinthedataofreferences5 and6. Varia-
tionwithMachnumberofaveragelift-curveslopesforthethreecon-
figurationsispresentedinfigure5. Theadditionofa cylindrical
afterbody(configurationB) tothebasicfuselage(configurationA)

()d%resultedina decreaseinthevaluesof throughouttheMach
z av

numberrangewitha decreaseof10percentnotedatMachnumbersnear1.0.
Additionofan extendedforebody(configurationC)producednofurther
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change.Theadditionofthecylindricalafterbodyundoubtedlycaused
a reductionintheinducedvelocitiesovertheaftportionofthewing.
Theresultingincreasedadversepressuregradientovertheforward_psrt
ofthewingg havecausedan increaseinboundsry-l~erthickness
overtheuppersurfaceof thewingatliftingconditions.

DragChsxacteristics

Dragat constantliftcoefficients.-TQevariationofdragcoeffi-
cientwithliftcoefficientforseveralMachnumbersispresented“in
figureh(b).VariationofdragcoefficienttithMachnumberat constant
liftispresentedinfighre6. At zeroliftcoefficient,thewingwith
interferenceofconfigurationexperienceda dragriseofO.O@+starting
at,a Machnumberof0.95.Additionofa cylin@icalafterbodyto the
basicfuselageresultedina markedreductionofthe~ag risedueto the
reductionofadversewing-fuselageinterference.A similarreduction-
inthezero-liftdragriseresultedfromtheadditionofa cylindrical–
afterbodytothesweptwing-bodycombinationofreference7. ~i~
reductionofthedragrisemaybe explainedby applicationofthe
transonic-drag-riseconcept(ref.7)whichindicatesthatthed~agrise
attransonicMachnumbersisa functionoftheaxialcross-sectional
areadevelopmentofa particularconfiguration.Area.developmentsfor
thethreeconfigurationsareshowninfigure7 andit isapparentthat-
theareadevelopment(inthiscase,reductionsincross-sectionalarea)
overtherearportionsof configurationB ismuchless_severethanthat
overthesameportionofconfigurationA. Additionof_an extendedfore-
bodyproducednofurthermeasurablechangeinthedragat zerolift
throughouttheMachnumberrangeinvestigated.

At a liftcoefficientof0.2,theadditionofa cylindricalafter-
body(configurationB)tothebasicfuselageresultedinan increasein
dragatMachnumberstoabout0.975forthewingwithinterferenceanda
slightdecreaseindragatthehigherMachnumbers.TZesevariations
indragwereprobablydueto thesamefactorswhichaffectedthevaria-
tionsinlift-curveslopenotedpreviously.Additionofanextended
forebody(configurationC) increasedthedragstillfurtherthroughout
thespeedrange.An increaseinforebodylengthleadstoan increase
inthelocalupflow,increasedadversepressuregradients,andincreased
boundary-layerthicknessneartheleadingedgeofthewingrootsections.
Eachoftheseeffectswouldtendto influenceleading-edgeseparation
andover-alldrag.

At a liftcoefficientof0.35,increasesinstreamMachnumberwere
accompaniedby a decreaseinleading-edgeseparationwitha resultant
decreaseindrag,asmightbe expectedfrompreviousresultsforswept
wings(seeref.8).

.

h

.

.—



NACARML52L22a 7

Maximumlift-dragratios.-Theeffectoffuselageshapeonmaximum.
lift-dragratioandliftcoefficientfor (L/D)mx isshorninfigure8.
Theadditionofa cylindricalafterbody(configuration)totheoriginal
curvedfuselageresultedinan improv=entof (L/D)mx at supersonic.

Machnumbers.Becausethemaximumlift-draratioswereobtainedat
?/)liftcoefficientsnear0.1,thevaluesof L D =x arecontrolledto

a considerableextentby theeffectsofbodyshapeondragnearzero
lift. Ithasbeenshowninfigure6 thattheadditionofa cylindrical
afterbodyreducedthedragat supersonicMachnunibersandliftcoeffi-
cientsof O and0.2. Theadditionofan extendedforebody(configura-
tionC)resultedina markeddecreasein (L/D)= throughouttherange.

Figure9 hasbeenobtainedby theadditionofan Incrementofdrag
coefficientof 0.01to thewingwithinterferencedragrepresentingthe
additionaldragdueto a fuselage,tail,canopy,,andsoforth.Forthis
case,themaximumlift-dragratioswereobtainedatthehigherlift
coefficients(~ x O.2) andthegenerallevelsof (L/D)= are
reducedthroughouttherangeto valuescloserto thosethatmightbe
expectedfora realairplaneconfiguration.At subsonicMachnunibers,.
thevaluesof (L/D)mx areconsiderablylowerthanthevaluesobtained
for’sweptandunsweptwingsbut,attransonicMachnumbers,are’about

. thesameasthoseobtainedforsuchwings(refs.1 and2).

Pitchi~-momentcharacteristics.-Thevariationofpitching-moment
coefficientwithliftcoefficient,showninfigure4(c),isfairly
linearexceptatthehigherliftcoefficientsforconfigurationC at
Machnumbersfrom0.80to 0.90wherea rearwardshiftincenter-of-
pressurelocationmaybe noted.AtMachnumbersof 0.60and0.9-0,there
areslightindicationsofa breakwhichisassociatedwiththelift-
curvebreakshowninfigureh(a). VariationwithMachnumberofthe
averagestatic-longitudinal-stabilityparameter~a~ (fig.10)was
onlyslightlyaffectedbymodificationsmadeto thebasicfuselage
configuration.

CONCLUSIONS

.
Theinvestigationofa 600triangularwingincombinationwitha

systematicseriesofthreebodyshapeshasledtothefollowingconclu-
. sionsrelativeto wing-bodyinterference:

1.Thedragriseat zeroliftofthewingwithinterferencewhen
testedincombinationwiththeoriginalcurvedfuselagewasmarkedly
reducedby useofa cylindr?:calafterbodyincmnbinationwiththewing.
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2.Additionsofthecylindricalafterbodyandthecylindricalafter-
bodyincombinationwithan extendedforebodygenerallyresultedinan
increaseinthedragduetoliftfa the.wi.ngwithinterference.

3. Theuseofa cylindricalafterbodyincombinationwiththewing
resultedinan increaseinthemaximumlift-dragratioat supersonic
Machnumbersforthewingwithwing-fuselageinterference.

4. Interferenceeffectsofthevariousbodymodificationsonlift
andpitchingmomentofthewingweresmallat allanglestested.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.

—

.
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Figure2.-ConfigurationB mountedintheslottedtestsectionof
Langley8-foottransonictunnel.
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(a) wing-fuselage combinations.

Figure 3.- VariationwithMachnumberofbasepressurecoefficientfor
thevariousconfigurationstested.
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Figure4.-Continued.
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